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(54) Title of the invention 

A device for purifying IC engine exhaust 



(57) CLAIMS 

Claim 1 . A device for purifying the exhaust of an internal combustion 
engine, characterized in that, in an exhaust cleaning device, when the inflowing exhaust 
has a lean air-fuel ratio, as the NO x is absorbed and the oxygen concentration of the 
inflowing exhaust is lowered, an NO x -discharging NO x absorbent is fitted in the exhaust 
line of a diesel engine so that the NO x in the exhaust is absorbed, then a reducing agent is 
supplied to the aforesaid NO x absorbent for discharging the absorbed NO x from the said 
NOx absorbent, to provide reduction-purification of the discharged NO x ; a particulates 
filter for trapping the said NO x absorbent and the particulates in the exhaust is fitted in a 
position where mutual heat transfer is possible, a reducing agent is supplied to the 
aforesaid NO x absorbent, and after discharge and reduction-purification of the aforesaid 
NO x , the particulates that have been collected in the said particulates filter are burnt. 
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Detailed explanation of the invention 
[0001] 

Areas of industrial application 

The present invention relates to a device for purifying the exhaust gases from 
internal combustion engines, and specifically it relates to an exhaust purifying device for 
purifying the NO x components contained in the exhaust gases of diesel engines and for 
collecting microparticles in exhaust gases. 

[00021 

Prior art 

Specification (patent early disclosure) No. 62-106826 (Patent Gazette, 1988) 
discloses a device for purifying IC engine exhaust in which an NO x absorbent is placed in 
the exhaust line of a diesel engine, in the case of a lean air-fuel ratio of the exhaust gas for 
absorbing NO x and discharging the absorbed NO x with a lowering of the oxygen 
concentration in the exhaust gas, the NO x in the exhaust gas being absorbed in the said 
NO x absorbent, and when the absorption efficiency of the NO x absorbent decreases, it 
cuts off the inflow of exhaust gas and a reducing agent is supplied to the NO x absorbent, 
to remove the absorbed NO x from the NO x absorbent, together with reduction-purification 
of the NO x that is discharged. 

[0003] Moreover, to prevent the discharge to atmosphere of the large quantities of 
exhaust microparticles (particulates) contained in diesel engine exhaust, fitting of a 
particulates filter in the exhaust line of diesel engines, for trapping the exhaust 
particulates, is known. 

[0004] 

The problem to be solved by the invention 

When the amount of part iculates collected in the particulates filter increases, 
because the flow resistance of the exhaust through the particulates filter increases, the 
engine exhaust resistance increases, causing a drop in engine output and increasing the 
fuel consumption. In order to prevent this, the particulates filter must be regenerated by 
periodically burning the particulates that have been collected in the said filter. However, 
there is the problem that it is necessary to raise the temperature to heat the particulates 
filter up to a temperature at which the particulates that have been collected can be ignited 
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and burnt, using electric heaters, burners etc., but for this a large amount of energy must 

be supplied from outside. 

[0005] In consideration of the above problems, the aim of the present invention is 
to offer a means of regenerating a particulates filter that requires less energy to be 
supplied from outside, and in which the accumulated particulates are ignited easily. 

[0006] 

The means whereby the problem is solved 

The present invention proposes a device for purifying the exhaust of an internal 
combustion engine, characterized in that, in an exhaust cleaning device, when the 
inflowing exhaust has a lean air-fuel ratio, as the NO x is absorbed and the oxygen 
concentration of the inflowing exhaust is lowered, an NO x -discharging NO x absorbent is 
fitted in the exhaust line of a diesel engine so that the NO x in the exhaust is absorbed, 
then a reducing agent is supplied to the aforesaid NO x absorbent for discharging the 
absorbed NO x from the said NO x absorbent, to provide reduction-purification of the 
discharged NO x ; a particulates filter for trapping the said NO x absorbent and the 
microscopic particles (particulates) in the exhaust is fitted in a position where mutual heat 
transfer is possible, a reducing agent is supplied to the aforesaid NO x absorbent, and after 
discharge and reduction-purification of the aforesaid NO x , the particulates that have been 
collected in the said particulates filter are burnt. 
[0007] 

Mode of action 

When the reducing agent is supplied to the NO x absorbent, and the reducing agent 
is burnt on the NO x absorbent, in order to lower the oxygen concentration in the 
surroundings of theNO x absorbent, NO x is discharged from the NO x absorbent and is 
reduced and purified by the reducing agent. During this, the temperature of the NO x 
absorbent is raised as a result of combustion of the reducing agent. Because the 
particulates filter is fitted in a position where mutual heat transfer with the NO x absorbent 
is possible, at this time the particulates filter receives the heat of the NO x absorbent and 
its temperature rises. Accordingly, during regeneration of the particulates filter, the 
particulates filter reaches a sufficient temperature, and the particulates are ignited and 
burnt easily without supplying a large amount of energy from outside. 
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[0008] 

Examples of application 

Fig. 1 shows a first example of application of the present invention. Fig. 1 shows a 
diesel engine 2, intake line 4 and exhaust line 6. An intake throttle valve 8 is provided in 
intake line 4, and normally this intake throttle valve 8 is fully open, but as stated below, 
during regeneration of the NO x absorbent this valve is closed, the flow of intake air of 
engine 2 is throttled and the flow of exhaust onto the NO x absorbent decreases. As a 
result, because the oxygen in the exhaust is consumed and the oxygen concentration in 
the surroundings of the NO x absorbent decreases, a smaller amount of reducing agent is 
required. In the diagram, 16 shows the solenoid that drives the intake throttle valve 8 — a 
negative-pressure actuator or some other type of actuator. 

[0009] The particulates filter 10 is positioned about midway along exhaust line 6. 
12 is a device for supplying the reducing agent in exhaust line 6 on the upstream side of 
particulates filter 10. In the present example of application, the fuel of diesel engine 2 is 
employed as the reducing agent, and the device 12 supplying the reducing agent is 
equipped with a nozzle for injecting fuel supplied from the engine fuel system as a spray 
into exhaust line 6. 

[0010] An exhaust temperature sensor 14 is fitted in exhaust line 6 between 
particulates filter 10 and the reducing-agent supply device 12. The detected signal from 
this exhaust temperature sensor 14 provides the input for an electronic control unit (ECU) 
30. The ECU 30 consists of a CPU (central processing unit), RAM (random access 
memory), ROM (read only memory) and input/output ports, connected by a bidirectional 
bus as a digital computer of a type that is common knowledge, and performs fundamental 
engine control, such as control of fuel injection quantity, and in addition, in the present 
example of application, it also controls regeneration of the NO x absorbent, burning of 
particulates etc. In order to achieve this, ECU 30 controls actuator 1 6 driving intake 
throttle valve 8, and the reducing-agent supply device 12 by regulating the opening and 
closing of intake throttle valve 8 and the supply from reducing-agent supply device 12. 

[001 1] Fig. 2 shows an enlarged cross-section of particulates filter 10. Referring to 
Fig. 2, particulates filter 10 consists of porous ceramic, and the exhaust gas flows from 
left to right in the diagram, as indicated by the arrows. In particulates filter 10, a first line 
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22 with a plug 1 8 on the upstream side and a second line 24 with a plug 20 on the 
downstream side form a honeycomb arrangement. The exhaust gas flow is directed from 
left to right in the diagram, and the exhaust gas flows to the downstream side from the 
second line 24, via the porous-ceramic channel wall and into the first line 22. During this, 
the particulates in the exhaust gas are trapped by the porous ceramic, preventing the 
discharge of particulates into the atmosphere. 

[0012] The NO x absorbent is supported on the wall surface of the first and second 
passages 22 and 24. NO x absorbent 26 consists of, for example, at least one selected from 
alkali metals such as potassium K, sodium Na, lithium Li and caesium Cs, alkaline-earth 
metals such as barium Ba and calcium Ca, rare-earth elements such as lanthanum La and 
yttrium Y on the one hand, and a precious metal such as platinum Pt. With a lean air-fuel 
ratio of the inflowing exhaust gas, the NO x absorbent 26 absorbs NO x , the oxygen 
concentration in the inflowing exhaust gas decreases and there is outgassing of the 
absorbed NO x so that it is discharged. 

[0013] If the aforesaid NO x absorbent 26 is arranged in the engine exhaust line, 
this NO x absorbent will in practice perform an NO x outgassing action, though some 
aspects of the detailed mechanism of this outgassing action are still unclear. Nevertheless, 
it is considered that this outgassing action takes place by a mechanism such as that shown 
in Fig. 3. The explanation given below takes the case of supported platinum Pt and 
barium Ba as an example, but the mechanism is similar when using other precious metals, 
alkali metals, alkaline-earth metals and rare-earth elements. 

[0014] Thus, the inflowing exhaust gas becomes relatively lean and the oxygen 
concentration in the inflowing exhaust gas increases sharply; this oxygen 0 2 adheres in 
the CY or O 2 - form to the surface of the platinum Pt. The NO in the inflowing exhaust gas 
reacts with the 0 2 " or O 2 " on the surface of the platinum, forming NO z (2NO + 0 2 -» 
2N0 2 ). Then some of the N0 2 that has formed is oxidized further on the platinum Pt, 
combining with the barium oxide BaO absorbed in NO x absorbent 26, and diffuses in the 
form of the nitrate ion NO/ in NO x absorbent 26, as shown in Fig. 3(A). In this way, NO x 
is absorbed in the NO x absorbent 26. 

[001 5] N0 2 is formed on the platinum surface for as long as there is a high oxygen 
concentration in the inflowing exhaust gas, and N0 2 is absorbed in NO x absorbent 26 for 
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as long as the NO x absorption capacity of the NO x absorbent 26 is not saturated, and there 
is formation of nitrate ion NO3". Conversely, if the oxygen concentration in the inflowing 
exhaust gas decreases and the amount of NO2 formed decreases, the reaction is reversed 
(NO3" —> NO2), so that the nitrate ion NO3" in NO x absorbent 26 is discharged in the form 
of NO2 from the absorbent. Thus, if the oxygen concentration in the inflowing exhaust 
gas decreases, NO x is discharged from NO x absorbent 26. If the "leanness" of the 
inflowing exhaust gas decreases, the oxygen concentration in the inflowing exhaust gas 
decreases, accordingly if the leanness of the inflowing exhaust gas is made to decrease, 
NO x will be discharged from NO x absorbent 26. 

[0016] Moreover, if the air-fuel ratio of the inflowing exhaust gas is now made 
rich, HC and CO are oxidized by reacting with the oxygen O2" or O 2 " on the platinum PL 
Furthermore, if the air-fuel ratio of the inflowing exhaust gas is made rich, the oxygen 
concentration in the inflowing exhaust gas will decrease to a maximum extent and 
therefore N0 2 will be discharged from NO x absorbent 26; this N0 2 reacts with unburnt 
HC and CO, resulting in reduction-purification, as shown in Fig. 3 (B). In this way, N0 2 
disappears from the surface of the platinum Pt and NO2 is in turn discharged from NO x 
absorbent 26. Accordingly, with a rich air-fuel ratio of the inflowing exhaust gas, NO x is 
discharged from NO x absorbent 26 in a short time, effecting reduction-purification. 

[0017] In the present example of application, because a diesel engine is employed, 
the exhaust air-fuel ratio is lean during normal operation, and the NO x absorbent 26 
absorbs the NO x in the exhaust. Furthermore, if a reducing agent is supplied in exhaust 
line 6 on the upstream side of particulates filter 10, the air-fuel ratio of the exhaust gas 
passing through particulates filter 10 becomes rich, resulting in discharge and reduction 
of the aforementioned NO x from NO x absorbent 26. 

[0018] Here, the air-fuel ratio of the exhaust is the ratio of the air and fuel 
supplied to the exhaust line 6 on the upstream side of NO x absorbent 26 and to the engine 
combustion chamber or the intake line. Therefore if air and reducing agent are not 
supplied to exhaust line 6, the exhaust air-fuel ratio becomes equal to the air-fuel ratio 
with the engine running (the combustion air-fuel ratio in the engine combustion 
chamber). Moreover, the reducing agent used in the present invention can often be 
hydrocarbons and carbon monoxide and similar reducing components that occur in the 
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exhaust, though it is possible to use gases such as hydrogen and carbon monoxide, liquid 
or gaseous hydrocarbons such as propane, propylene, butane etc., or liquid fuels such as 
gasoline, light fuel oil, kerosene etc., but in the present example of application, in order to 
avoid complications with storage and replenishment, as already mentioned, the light fuel 
oil that is the fuel of diesel engine 2 is employed as the reducing agent. 

[0019] Referring now to Fig. 4, the mechanism of this example of application will 
be explained. Fig. 4 is a flowchart showing the routine for controlling regeneration of the 
NO x absorbent 26 and for burning the particulates that have been trapped in particulates 
filter yiO. This routine is executed by ECU 30 on the basis of interrupts at fixed time 
intervals. Referring to Fig. 4, firstly, at step 40, a decision is made as to whether the 
conditions are fulfilled for executing discharge of the aforesaid NO x from NO x absorbent 
26 and for executing the operation of reduction-purification (called the "regeneration 
operation" hereinafter). The condition for starting regeneration of the NO x absorbent is, 
for example, a period of deceleration, the NO x absorbent 26 is above the activation 
temperature, or more than a stipulated period of time has elapsed since the previous 
regeneration was carried out. If it is decided that the condition for starting regeneration of 
the NO x absorbent is not fulfilled, moving to step 42, intake throttle valve 8 is opened, 
and at step 44, supply of fuel from reducing-agent supply device 12 is inhibited. 

[0020] Then, at step 40, when conditions have been established for starting 
regeneration of the NO x absorbent, moving on to step 46, a decision is made as to whether 
or not the elapsed time T since establishment of the conditions for commencement of 
regeneration of the NO x absorbent is less than a predetermined first time interval T|. The 
first time interval Ti is the time necessary for regenerating the NO x absorbent 26. If T < 
T|, it advances to step 48 and intake throttle valve 8 is closed. As a result, the amount of 
air flowing into particulates filter 10 is reduced. Next, at step 50, fuel is supplied from the 
reducing-agent supply device 12. The fuel supplied burns because of the catalytic action 
of NO x absorbent 26 and oxygen in the exhaust gas is consumed. Therefore the oxygen 
concentration in the exhaust gas in particulates filter 10 falls to its lowest level and the 
air-fuel ratio of the exhaust gas becomes rich. As a result, as already mentioned, NO x is 
discharged from NO x absorbent 26, and this discharged NO x undergoes reduction- 
purification. 
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[0021] Next, if it has been decided at step 46 that T > Ti, and thus if it is decided 
that regeneration of NO x absorbent 26 has been completed, there is advance to step 52 
and intake throttle valve 8 is opened. This results in inflow of a large quantity of air into 
particulates filter 10. Then, advancing to step 54, it is decided whether or not the elapsed 
time T is less than the predetermined second time T 2 . If the value of T 2 is greater than Ti, 
T 2 - T\ is the ignition time required for igniting the particulates that have been collected in 
particulates filter 10. If T < T 2 , i.e. when we are within the ignition time, on advancing to 
step 56, the fuel for ignition is supplied from reducing-agent supply device 12 and 
burning takes place. Accordingly, the particulates that have been collected in particulates 
filter 10 are ignited. Moreover, though not shown in the diagram, if an electric heater or a 
similar means for supplementary heating is provided on the upstream side of particulates 
filter 10, so that particulates filter 10 is heated, ignition of the particulates will be 
facilitated. 

[0022] Next, at step 54, when it is decided that T > T 2 and thus ignition of the 
particulates has ended and the particulates bum even without supplying fuel, on 
advancing to step 58, supply of fuel from the reducing-agent supply device 12 is 
inhibited. Furthermore, if the aforementioned electric heater or other supplementary 
heating means is provided, heating is stopped after the particulates begin to bum. 

[0023] As mentioned above, according to the present example of application, after 
discharge of NO x from NO x absorbent 26 and after reduction-purification has taken place, 
the following effect can be obtained as a result of burning the particulates. On discharging 
NO x from NO x absorbent 26, during the reduction-purification operation, the fuel burns 
on NO x absorbent 26 and the temperature of particulates filter 1 0 rises. There is therefore 
a rise in temperature of the collected particulates, which ignite and burn easily. 
Accordingly, energy supply from outside for igniting and burning the collected 
particulates can be reduced. 

[0024] Accordingly, less energy has to be supplied from outside for igniting and 
burning the collected particulates. 

[0024] Furthermore, after discharge of NO x from NO x absorbent 26 and after 
execution of the reduction operation, because of the heat supplied for burning the 
particulates and the heat evolved during particulates combustion, it is possible to prevent 
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the NO x supplied to NO x absorbent 26 from being discharged to the atmosphere. 
Moreover, in this example of application, the NO x absorbent is supported on the surface 
of the exhaust line wall inside the particulates filter, but the NO x absorbent and the 
particulates filter can also be separate and independent. In this case, the NO x absorbent is 
arranged on the upstream side of the particulates filter, in such a way that the heat 
generated in the NO x absorbent is transferred efficiently to the particulates filter. 

[0025] Next, a second example of application of the present invention will be 
explained using Fig. 5. In the example of application in Fig. 1, during regeneration of the 
NO x absorbent the intake throttle valve 8 is closed, restricting the amount of air entering 
the engine, and by reducing the flow of exhaust into the NO x absorbent (particulates 
filter), the amount of reducing agent required for consuming the oxygen in the exhaust is 
decreased. Therefore, engine output decreases during regeneration of the NO x absorbent, 
so it is necessary for regeneration of the NO x absorbent to be performed in conditions 
with restricted operation (for example, in conditions such as engine braking when even a 
decrease in engine output does not affect operation), and it is not possible for the 
operation of regeneration of the NO x absorbent to be carried out at any arbitrary time. 

[0026] In the example of application shown in Fig. 5, the particulates filter 
supporting the NO x absorbent is arranged in two parallel rows in the exhaust pipe, the 
flow of exhaust into the NO x absorbent being interrupted on one side at a time, for 
executing regeneration of the NO x absorbent. In this way, during execution of the NO x 
absorbent regeneration operation on one side, operation is possible with the flow of 
exhaust diverted to the NO x absorbent on the other side, so it is not necessary to cut down 
the overall exhaust flow and there is no drop in engine output. Therefore, it becomes 
possible to carry out regeneration of the NO x absorbent at an arbitrary time, without 
regulating the operating conditions. 

[0027] Fig. 5 shows the exhaust pipe 6 of the engine (not shown), the branches 6a 
and 6b of exhaust pipe 6, the particulates filters 10a and 10b arranged in branches 6a and 
6b, the exhaust switching valve 9 provided at the point of branching of branches 6a and 
6b, and the solenoid 9a that operates the exhaust switching valve 9, being a negative- 
pressure actuator or some other suitable type of actuator. Also in this example of 
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application, particulates filters 10a and 10b are each constructed with supported NO x 
absorbent, as in the example of application of Fig. 2. 

[0028] Furthermore, in this example of application the reducing-agent supply 
device is equipped with injection nozzles 12a and 12b for supplying the reducing agent 
(fuel) in branches 6a and 6b on the upstream side of each particulates filter 10a, 10b. In 
addition, in this example of application electric heaters 1 la and 1 lb are provided, with a 
relay 1 1 for switching on the supply of current to the respective heaters, as the 
supplementary means of heating for promoting ignition of the particulates trapped in the 
particulates filters 1 0a and 1 0b on their upstream side. 

[0029] In addition, in this example of application, in order to decide whether or 
not the particulates filter regenerating operation is required, a backpressure sensor 21 is 
provided in exhaust pipe 6 on the upstream side of branches 6a and 6b for delecting the 
pressure of the exhaust in exhaust pipe 6. In addition, exhaust temperature sensors 23a 
and 23 b for detecting the temperature of the exhaust are provided in branches 6a and 6b 
on the downstream side of particulates filters 10a and 10b, and oxygen concentration 
sensors 25a and 25b are provided which emit a continuous output signal proportional to 
the oxygen concentration, for detecting the oxygen concentration in the exhaust. 

[0030] Furthermore, at the input port of the electronic control unit (ECU) 30, the 
output signals from the backpressure sensor 21, the exhaust temperature sensors 23a and 
23b, and the oxygen concentration sensors 25a and 25b (not shown in the diagram) 
provide the input, via an AID converter, together with signals for engine revolutions and 
from other sensors (not shown in the diagram). Moreover, the output port of ECU 30 is 
connected to an actuator 9a of an exhaust cutoff valve 9 via a driving circuit, not shown in 
the diagram, nozzles 12a and 12b of the reducing-agent supply device 12, and the relay 
1 1 of heaters 1 la and 1 lb, to control their operation. 

[0031] In this example of application, exhaust cutoff valve 9 normally closes the 
branch on one side (for example branch 6a), and almost the whole quantity of exhaust is 
led to the particulates filter on the other side (10b), with NO x absorption and particulates 
trapping taking place in the said particulates filter on this side. Moreover, if there is an 
increase in the amount of NO x absorbed in the NO x absorbent on the particulates filter 
(10b) that is effecting NO x absorption, exhaust switching valve 9 is switched and almost 
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all of the exhaust is led to the particulates filter on the other branch (6a, 10a), to carry out 
NO x absorption and particulates trapping, with reducing agent being supplied to the 
particulates filter with the increased quantity of NO x absorption (10b), and regeneration 
of the NO x absorbent is carried out. 

[0032] In addition, ECU 30 detects increased exhaust resistance of the particulates 
filter during use, from the output of backpressure sensor 21, and immediately after 
execution of the operation of regeneration of the NO x absorbent of this particulates filter, 
the particulates collected in the particulates filter are burnt and the particulates filter is 
regenerated. Fig. 6 is a flowchart showing the operations of regeneration of the NO x 
absorbent and the particulates filter. This routine is executed at fixed intervals of time by 
ECU 30. 

[0033] When the routine in Fig. 6 starts, at step 601 the decision is made as to 
whether or not conditions are established for commencing the operation of regeneration 
of the NO x absorbent of the particulates filter that is currently in use. Regeneration of the 
NOx absorbent is carried out when the engine exhaust temperature is above a stipulated 
value (and thus the NO x absorbent is above the stipulated active temperature), and when 
the NOx absorbent usage time (NO x absorption quantity) reaches a stipulated value (for 
example from 1 min to 3 min) (thus, when the NO x absorption quantity of the NO x 
absorbent in use exceeds a stipulated level). 

[0034] In step 601, if conditions are established for starting the operation of 
regeneration of the NO x absorbent, the exhaust switching valve 9 is switched at step 603, 
and the branch of the particulates filter on the side where the regeneration operation is 
being carried out is closed. Accordingly, almost all of the exhaust flows to the other 
branch, and there is only flow of an amount of exhaust equivalent to the leakage of the 
exhaust switching valve in the particulates filter on the side being regenerated. Next, at 
step 605, fuel is supplied from the reducing-agent supply device 12 to the particulates 
filter on the side where the operation of regeneration is in progress. Accordingly, the fuel 
is burnt on the NO x absorbent supported in the particulates filter, the oxygen in the 
exhaust surrounding the NO x absorbent is consumed, and NO x is discharged from the 
NO x absorbent and undergoes reduction and purification, accompanied by a temperature 
rise of the particulates filter supporting the NO x absorbent, owing to combustion. 
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[0035] Next, a decision regarding the conditions of completion of the operation ot 
regeneration of the NO x absorbent is taken at step 607. The operation of regeneration of 
the NO x absorbent is completed after a stipulated time has elapsed (for example, from 
several seconds to several tens of seconds) since the condition (the condition when all of 
the oxygen in the exhaust has been consumed) occurred when the concentration of 
oxygen in the exhaust dropped below a stipulated value (almost zero) as detected by the 
oxygen concentration sensor (25a or 25b) on the downstream side of the particulates filter 
during execution of the regeneration operation. 

[0036] At step 607, a decision is taken as to whether or not to carry out the 
operation of regeneration of the particulates filter at the same time as completion of the 
operation of regeneration of the NO x absorbent as was concluded in step 609. The 
operation of regeneration of the particulates filter is decided on the basis of whether or 
not the exhaust pressure read from backpressure sensor 21 before commencement of 
regeneration of the NO x absorbent is above a stipulated value (a predetermined value 
based on engine revolutions, load etc.). 

[0037] If it is concluded at step 609 that the operation of regeneration of the 
particulates filter is unnecessary, then at step 617 supply of fuel from the reducing-agent 
supply device 12 is stopped, switching valve 9 is maintained in its present state and, after 
regeneration, the NO x absorbent is put in the standby state. If it is concluded at step 609 
that the operation of regeneration of the particulates filter is required, the said operation is 
carried out in the next steps from 61 1 to 615. Thus, ignition of the particulates that have 
been collected in the particulates filter is effected at step 61 1 . During this, switching valve 
9, which was in the fully closed state, is opened as far as a specified extent, so that a 
specified amount of exhaust (e.g. of the order of 50 litres/min) flows through the 
particulates filter, and at the same time the amount of fuel supplied from the reducing- 
agent supply device is increased, and ignition of the particulates is facilitated by passing 
current through the heater (1 la or 1 lb). 

[0038] After a specified time (for example of the order of 1 min), current supply 
to the heater is switched off, then the operation of burning the particulates is carried out at 
step 613. During this, the exhaust switching valve 9 and the amount of fuel supplied from 
the reducing-agent supply device 12 are maintained in the same state as at step 611. After 
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a specified time in this state (e.g. of the order of 10 min), burning of the particulates is 
completed, the exhaust switching valve is fully closed once again at step 615, supply of 
fuel from the reducing-agent supply device 12 is stopped at step 617, and the now 
regenerated particulates filter is put into the standby state. 

[0039] In the present example of application, because the particulates burning 
operation is only carried out when the exhaust pressure detected by the backpressure 
sensor 21 exceeds a specified value, we can aim for a decrease in consumption of the 
reducing agent (fuel). Moreover, as in the example of application of Fig. 1, following 
execution of the operation of regeneration of the NO x absorbent, in order to perform the 
operation of regeneration of the particulates filter the latter is heated and the trapped 
particulates are ignited; the external energy supply for this can be reduced, just as was 
achieved in the example of application of Fig. 1. 

[0040] 

Effect of the invention 

The present invention has the effect that the supply of energy from outside for 
igniting and burning the particulates can be reduced considerably, because the 
arrangement of the NO x absorbent and the particulates filter is such that the heat 
generated during regeneration of the NO x absorbent can be utilized by the particulates 
filter, and burning of the particulates that have been collected in the particulates filter is 
carried out after execution of the operation of regeneration of the NO x absorbent. 

[0041] For the purpose of regenerating the particulates filter after discharge and 
reduction of NO x from the NO x absorbent, during regeneration of the particulates filter, 
NO x is discharged from the NO x absorbent but it is possible to prevent it from being 
discharged to the atmosphere. 

Brief explanation of the drawings 

Fig. 1. Diagram showing a first example of application of the present invention. 
Fig. 2. Enlarged cross-section of particulates filter 10. 
Fig. 3. Diagram for explaining NO x absorption and discharge. 
Fig. 4. Flowchart showing regeneration of the NO x absorbent and regeneration of 
the particulates filter according to the example of application of Fig. 1 . 

Fig. 5. Diagram showing a second example of application of the present invention. 
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Fig. 6. Flowchart showing the operations of regeneration of the NO x absorbent 
and regeneration of the particulates filter according to the example of application of Fig. 
5. 

Explanation of numerical symbols 

2 - diesel engine 
6 - exhaust line 

8 - intake throttle valve 

9 - exhaust switching valve 

1 0 - particulates filter 

1 2 - reducing-agent supply device 
26 - NO x absorbent 



16 



Fig. 1 




2 - main body of the diesel engine 

6 - exhaust line 

8 - intake throttle valve 

10 - particulates filter 

12 - reducing-agent supply device 
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Fig. 2 




26 - NOx absorbent 
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Fig. 3 
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40: Conditions established for regeneration ? 

42: Opening of intake throttle valve 8 

44: Inhibition of fuel supply 

48: Closing of intake throttle valve 8 

50: Fuel supply 

52: Opening of intake throttle valve 8 

56: Fuel supply 

58: Inhibition of ftiel supply 
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Fig. 5 




engine speed (revolutions) 



6 - exhaust pipe 

6a, 6b - branches 

10a, 10b - particulates filters 

12 - reducing-agent supply device 

30 - electronic control unit (ECU) 
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Fig. 6 



Routine controlling the regeneration operation 



601 




r . _MS 603 

~ I 605 




END ) 



601 : Condition for starling NO x absorbent regeneration ? 

603: Switching of the exhaust switching valve 

605: Supply of reducing agent 

607: Regeneration completed ? 

609: Regeneration of particulates filter required ? 

61 1 : Operation of ignition of particulates 

613: Operation of burning of particulates 

61 5: Exhaust switching valve fully closed 

617: Stoppage of supply of reducing agent 
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[19^ i ] «A#ft<offijBJtas y ->co^ 1 no 
no x &M7GMk+&»*»ik»niz&^x* ffiriBNo 

O x KJR»J^J»5c»JSr««Lr«rENO x <D;(fttfJ£it5c 



[OOOl] 
[0 0 0 2] 

[«*CDfttl¥] 4#^Bg6 2-1 0 6 8 2 6*4*«fctt* 

«NO x RttJBt^-f— tf/u«IBBo#«ai6rtlcEB 

O x 5RiRSllOSRiRS»^dS{g:T Lfc t # lcSM4>KA«rX 
^rltNO x BRiR#JIC3B7c»JS:ttl&LNO x KJR#JA»6 
«ifcL;fcNO x $rScW^^r^^:^t>{c»t«^ix^:NO x 
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[0 0 0 3] £fc. "TH— &;^>'i?XDm%L'P{£&< 
[0 0 0 4] 

#ltM^^$>^ #*ft^*/^£^^b{&i&U 
ft » Jxtf ft 6 ft ^fflfltf fe So 
[000 5] ±l2Baa{-K^. ^ A ^ ^ 

[0 0 0 6] 

^#J£tt*&bT»iRLfcNO x £rl!&lENO x »JR»ja* 
fe*WS**fci:t>lcJkaSixfcNO x *3tS*Wbf s 
#ftiM:§6Bl£:*5^-C\ mflBNO x R4x*J£Wft*<D« 

fi^iBftffiBfcRRU fdlBNO x KiRffl^JSTcflBS: 
[0 0 0 7] 

[flUB] NO x »iR*lfca7cffl^«|&aF*LSiNO x R 

dSfiTi-^fcft, NO x M»bNO x 3JS»mS*t, 
JKaSttiJ: t?a7£#{b$ttSo wtf>££, NO x RiKffi 

>T^^u--h7-f/^^»ftS5jfiicftoT*5i3, 
A^&^ft^A-^SrftJM- 5 r ^ ft < Sglc^ w * 



[0 0 0 8] 

*U ^^^ORASftj^tSUNO* Rl&^JlcSfeA 

«R«iR9#8«:JB*rt-Sy uy-Y h\ ^ET^fax 
[0 0 0 9] ft^M6^tt>|^ s<"r<<*^ V 
>f/W 1 0±*Wo^iiK6tcS7cSUSr«jf&^-sfeft 
>r — if/vac >-^>2 <D«iR.^*tffl $ fix *5 9 , alTcSItt 

as& 6 AicstticRiti- ^ y x/^^^l^-cv^s 0 

[0 0 10] ^T^^^rzz. yyj/vf 1 0 ir^Tn^Jtt 
*&^B l2t oBB<o#«iBK 6 lctt»«a"fe yfl4# 

gaB$H. :©««it^fi 4^«ifflfi-g-«cs j 3 L «lffli 

^-^^h (ECU) 3 OiCA^HSo ECU30fi, 
CPU x RAM (7^AT^t^^ 

^ey) . rom (y-K^yy^^y) % Am^^K-h 

^—^d*6ft9, «^»J#J»«03i^^^oS*»j 
#^rtr5f&, *Hlfi«-eW:NO x »*tffl<DS±. 

®<Ofcft. ECU30I1 »«R9#8*rK»i-ST^ 
^^^-^ 1 6 V *5J:tf»7c#Jttl^fiBl 2Sr«»b 

R^9#8conn&s5^tti^Bi 2^&os 

[0011] l^2ic:^^^^^ix- h^^/u^ x ocd 
fe^:»r®l^$r^-ro i2$r#if5^, ^>f^r^u— 

i ofi#?i®-fe^^ vtirhtiLV* mmr* 

l 8is«6$ixfc»iiaiS2 2 0ds«6$tt 
fc*2ifiK2 4 fc^XS^EB*^^A«tSrftbr 

ttJB 2 an 2 4 & ^nm± y^y^ <om^mm 

$:ili@LTSliiK2 2{c2rfiSAL, T«£il!lJCiStL5o - 

[0 0 12] f 1 43<tt^»2iiK2 2*5<tT/2 4 <DHffi 
lCtt:NO x att«2 6^S»$tbTV^ 0 NO x ®JR^J 
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th—ot. e&p t(D£?te9c&mtfrbf&z>o no 

x RJRffl 2 6 ttRA#*#*<o£»fc# y £ * Vi 
liNO x SrRifcU «^#«jtf^*oK*»**«T-f 
S£RiRLfcNO x &»tti-T*NO x oRjSfcttiflUB&ft 

[0 0 13] 1Iono x RiR#J2 6£«§|gMa»&rt 
(cKEi-ti^r(DNO x RIR30 2 6rtHBgl-NO x z>R 

tkmftm *n o a* r ouRHflufl <£>P*ei ft * % a ic 

^oir^x^tt^o r <£> p< ^^XA icov ^T6^P 

[0 0 14] IP*>. «A#ft2f t> !>— VlCftS 

(A) \z^ZthZ&?\z^tit>misO z a*0 2 - 
0 2 -<D^T?e^P t *A»* 

KlEU NO z bt£Z> (2NO + 0 2 -^2NO z ) 0 & 
v SftfcN0 2 SRWtSAP t _h-C3Elc&>fb£ 

ttooNO x !»JR»J2 6rt^«JR$tt-CiMfc^y ">^B 
aOtg^l^^ H3 ( A ) Ki*S*tSJ:5K:8iBt 
^tyN0 3 " ©jg-CNO x R4x#J2 6rtK:iMH-3. 

rcD£ ?t-LTNO x j&SNO x R4X#J2 6 f*3l£Rlfc 

So 

[0 0 15] *A»ft^^*^»lR»K5ftSiiSV^HI^ 6& 
Pt(DSS-CN0 2 NO x Rlfc#j2 6(DN 

O x ®JRie*^fflfnL*l/>IS0NO 2 *SNO x RiR#J2 

tilctt LTiftAifl^tf * *<Z>*3&«* J*Sfl£T LTN0 2 
<0^»dSffiT-r5i:Ri£3& 5 a!*lRl (N0 3 " 
o 2 ) \zm&* »r< ltNO x »JR*J2 6rt<o$B»^^ 
VN0 3 #N0 2 C0^-CKiR^e>SctH$ttSo fiP 

«KAM^^ t ^S^gS^ffiTt 5 1 N O x Rifc 
ffl)2 6a>6NO x a5j&aj£frSC£lC&S 0 «A#«# 

y — v<o«^v^5ffi< ftnri«iEA#S;<f* fottx 

<£<-T*UfNO x Rifc#J2 6^6NO x *s»tiJSix*r 

[0 0 16] roi*StA*ft^^S«Jt*y 
y^fe-*-**. HC, ccme&P t±^»io 2 " * 

^offi»tt:Sry y^^-r^iWAfta^foK^jB 
^ttttisn, :ono 2 iiB3 (B) K^$;ftSJ:5U: 



£NO x KIRS0 2 6^b»cd»e>?fe— i:N0 2 3fts»ffl*Jx 

r^pt,icNo x K1US12 6^e>No x ifitkmztixm. 
[0017] ^mmmxitf j — if /i^ ^ isfr&m £ 

NO x RiR»)2 6tt«MK4>«>NO x SrRifc-TSo Sfc. 
/*r ^r^ l/— h ^ ^ /V* 1 0 J:flEffl0>#jXJUB 6 i-al 

a-rsswt^offlHRJtfiy s^k*»k no x rjr#j 

[0 0 18] ft*5, ^^X^^^m<D^ittnNO x 

[0 0 19] RK:04S:#BgUoo*|US0y(O»fP^o 
^l/- H7-f^ 1 0 £ frfc^-^ 

tNO x 6d>bO±|BNO x <OJSa. 5S5c?Wk 

no x rir«ijs^8B*&*#«:, 

X^, W*I»"C*>9, NO x RiRffl 2 6 3&s»ttftffl«» 
»LTV^6£fc»-C*>5. NO x »iRSflS^BB*&*«=dS 

hi 2^bo»»«ie^*jh*ns. 

[0 0 2 0]—*. ^r^/4 0i3V^NO x RHX^J 

O x RiR#J?f*BB»*i*d5^Lfc^d*&<oaja«FWIT 
dS^i«>3e«>e>tt^:«lo«fIBT 1 JiQ/hdv^d^Sd^ije 
S*t». Sl^fflT, tt. NO x RiR*J2 6SrS^-f 
Z><D\C&^tmmxhZ> 0 T<T 2 co^ x ^ry/4 
8Jcat^Rft»9#8 3ft5BB#$ix5. ^thlC£oXs<^r 
4*^\s—Yy 4 >\<9 1 0^SKAi"SSSCSd5«^$tt 
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«f«*«l6Stl6. tt»S*tfc»»«tNO x RIRX0 2 6 

Py^fcftS. ctU^oT. »»©J:5fc % NO x i 

[0 0 2 1] #C^-e> *T?Zf4 
*tfc»&. i"4t>fe. NO x RJR*2 6^W^^TL 

t<t 2 cd^ x rftfc%*^c#iurt 

£oT, I— h;7^/l^ l 0\CffiM£tltz.s< 

i osrans^-s* 5fc-*-fttf^^ *ai/-h©t^js 

[0 0 2 2] »^fyy5 4TT^T 2 ^W^Six 
«»*r«^ L ft < T h'<T 4 * ^ l — h ^MMf 

K^*«*RttT^S»^fcr^*r-f h<z>«£ 

[0 0 2 3] «±<DJ:5^*:^0SicJ:tt^ NO x R 
fifl2 6^f)(ONO x »5E*Wfc&tTo 

T<oj:5ft»**#sr:i:^*-5. NO x RiRSU 2 6 

[00 24] *fc. NO x R1R9J2 6^6©NO x 

5fcLTv*3fca!>fc:^.r:* a h JK tttto B tc j: o 
TNO x Rttffl2 6ti:Ra£*LfcNO x tf*ftlctttH£ 

NO x R6a^7^*al/-h7^^rt©J|«» 



-^-f^t r«Bijfl lease S*r t> J: ir \ c <D#£fc 
^iU no x Rtt*T?»^1-sjft«ssMij:<^ -f 

[0025] 5 *flv*T*»Ho»-©!BMafc: 

ov>TRW"fSo HloSll(S«-eHtNO x »««B(D|f£ 

9, NO x RJfc&l (/<f^* a i^-|»7 -fW ) fcjjtA 

*^Sfc»l^»ft3S5c#J<D*Srfi«UTV^5. 

NO x RftffJOH^l^icWtai^^^fflA^fiTr-S 

fc*<E^K»d5*Dftv^fl=T) Ttr5iMfdS*>0, ft 
*OB#JBfc:NO x «JR»Jlf^»fPSrff 5^i:3&s-c#ft 

[002 6] B5 i^tHl^(T*liNO x 9UR£)l£r&& 
NO x Rtt*|<DW±S:fT5 0 mia^ ^(DNO x 

««*#»C&*Sft*^fcft<ff*fl!>|«BlfcN 

o x RiR9Jo^Sr?T5ri:d?«rtB^ft5o 

[0 0 2 7] H5I^*5V^ 6ft^*?^ (m^rT) 
<OW^M. 6a, 6b 6 0^«E»K % 10a. 

10b|^ftIK6a, 6 b\C&m£tlfcs<^J*^U 
— b^j/U?^ 9 f*»(£ilft 6a, 6 b ^tt«BiCRrt 

[ 0 0 2 8 ] *fc, *^«fc*V^T»3BS*«iaS« 
1 2 ll^tl^T^ ^ra ^ h 7 1 0 a , 10 

b <D±ffim<Dft1&m& 6a, 6b ^i-il^J (j^f) 
Mt5«it/X;H2a, 12b^fx.TV^ a |g 
Jc > ***fc*J^CW^<T- >T ^tol Ix— h y 4 ;\,$ 1 0 a , 1 

x#9* v 1 1 id j: o *ti?tvn (ommtm 

[0 0 2 9] *IMWr^ a ^h7^ 
^^©W*M^©WtW«^6fc»lCi»«Wi6 a, 

6 b <o±mm<DmmM e kcm^mi* e ^^^^je^^^ 
w-r5WBE-tv*2 l^RWbjxT^s. $e>fc. 

^ a ^F7^i0 a> 1 0 b C0T^ffi!|(O»il$ii 
&6 a. 6 bKI^Uttt|i|t8tt»Ut>t2 
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3a. 2 3 b t. m^commmm^m ^xmrnmrn 

5a. 25 b^tt^KH$ttrVN^ 0 
[0 0 3 0] 3=fc. t^SJ»a^7h (ECU) 30O 
A*#~H;ittirffiir;/^2 1. #mt&*irV-^2 3 
a. 2 3b, ^I*tyf2 5a, 2 5 b a>£><£>tfj;ft 

1^>kA;ft£*LT\^5o £?>t-. ECU3 0^a^J2K— 

*9 a. i^TC^m^gl 2(D/X;H 2 
a. 12 b. t-^lla, 1 1 b <D V 1 1 \Z^fb 

[00 3 1] *mmm-e^ m^m^^9i±mm-^ 

^S^rt b— ^o^r^^ra b^jsu? (10 b) 

x ^fRiR^rtToT^^^^^rzi.^— h^^/v^ ( 10 
b) JbCONO x Kife#JCONO x KiRA^jf^ufc^^ 

C0^®ilKc0^-r^^roL h7>f;^ (6 a. 10 
a) Ul^TNO x coP^iRir^-r^r^^u— h<£>j*36£r 

fT?<h£fcK. NO x Lfc^ * Ix— 

1*37^^* (10 b) ^alTC^^rW^bTNOx RJR#J 

[0 0 3 2] ECU 3 0 teUffii? 2 1 cotB^ 

-h7 4/i>* \a$m ztitcs<T £ it* 

7n-ft-htfc5, ^;u-fy|iECU3 0ia») 
[0 0 3 3] H 6 UliS^-Oi'— h-tZb. 

V*Sa^*^JW£*LSo NO x KK#JOff*«3:^^ 

>iM«A^9ftt«EJUb (i"^^^>. no x KiR#ja?gf 
£tD?£ffigJ^_b) *>oNO x RKSJaHEJBWr 

m (NO x pM1) sftsgfS* (t*Jx.tfl#a>£>3#a 
S) Id^LT^S^ ffiffi+cONOx R4x* 

[0 0 3 4] *7^:7*6 0 1 -CNO x »iR*JO|}4fe«fP 



fcNO x 90m±^Kt»^ NO x »WB««H«>*ft 

f^ansdssft^n. no x K4K#ja>e>coNo x cd^m 

[0 0 3 5] Tfc\,^X*7 L y7'6 0 7tttNO x Rlfc#JtD 
W±&i¥<n1&T&mm7££tiZ>o NO x KiRS9coS^ 

Tffim<Dmmmm j t>'V- (2 5a^:«2 5b) -e«aj 

[0 0 3 6] ^^y^6 0 7tNO x R4x^COff£tft# 

^ 3r ^ h ^ A** (DHttmrEzmmcft ? 

[0 03 7] ^ry/6 0 9^f>{^^h7^^ 

tt. ^omx#9rirco^^co^i^^^n. If^^co 

NO x KflX»Jli#««l®(cad^5p ^y^6 0 9-C 

-< * ^ h -7 * /is* <DW&3iktiF&&m t wm £ tl 

IB««"e*ofc9l**.#9r4Bf3eBI**-eHI#S*t. 0r 
Sftco^ (CTxrfs oy^ h/w/^@ff) ^-r^^r 

[0 038] m^^ra (0yx.»i i t>mi§~tz> t 

fc—^^coii®^jh*tL. &^-e* -7^:7*6 l 3co^ 

^^^^ v<D&mi&VEfrftt>tiz> 0 z<Dt$. §m 
§jtfex.# 9 tmTtftm&mw. i 2 ^e>co^«^s«^ 
^y^e 1 1 tmcvtm\c$m£thz> 0 ^(ovtm-emm 
mm mz.tfi o&mm tmm-r^t^^^^^— 

m±W\c£tL x ^y-^e 1 7 -e^7c^j«^3$s 1 2*> 
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[0 0 3 91 *:|I^JC*5V^T^ fH£*Z^"V-2 1 "Ctfe 
£*0l2:mi&. NO x »«t»©H4KMfSHT»c^^ 

[0 0 4 0] 

\%m<o^m no x s«GH«>ff£iMmFic 

*fcEKU NO x ftJRXHOff^iRfmfTtt fc-^-f* 
^w- Y7j /^^H*Sftfc^-f hoftMC 
Srtr? £ Sfcbfcr. tic J; 9, /<f-f*al — 

[0 0 4 1] ^/c. NO x M«|d»&©NO x O&ttJ. 
[03] 



[01] #3&W<DSg— O^^^fitfcSo 

[EI 2] /<r>f^^h7>{W 1 0 OifcfcWffiB-C 

[0 3] no x <DWtkmftm*mw-rztc$><Dm'eh 

So 

[04] 01OHJfi«ONO x RiR#JO??££^7^* 

[0 5] **«<o*-«>**«ft^rEa-e*>*. 

[0 6] i5^Il^NO x RiR»Jtf>W£i:A^-f 

So 

[flF-i§-<Z>lfc9i] 

6 - -ttftHB 
8 0* 

l o » /<*r << ^-suU— h^-f/u^ 

1 2"-S^Mftl6»K 

2 6-NO x RiBtffl 
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